FJ. Heterogenous vasodilator pathways underlie flowmediated dilation in men and women. Am J Physiol Heart Circ Physiol 301: H1118 -H1126, 2011. First published June 3, 2011 doi:10.1152/ajpheart.00400.2011.-This study investigated the sex differences in the contribution of nitric oxide (NO) and prostaglandins (PGs) to flow-mediated dilation (FMD). Radial artery (RA) FMD, assessed as the dilatory response to 5-min distal cuff occlusion, was repeated after three separate brachial artery infusions of saline (SAL),
BRACHIAL ARTERY FLOW-MEDIATED dilation (FMD), the shearevoked conduit artery dilatory response to a period of tissue ischemia, is a standard noninvasive technique for assessing endothelial function and has been correlated with coronary artery endothelial function (3) . FMD is predictive of future cardiovascular events (21, 60) , providing independent prognostic value to cardiovascular risk assessment in post menopausal women (48) and predicting future cardiac events in patients with established coronary artery disease (7) .
Reductions in FMD are widely assumed to reflect diminished nitric oxide (NO) dilator function as several pivotal human studies have concluded that brachial and radial artery FMD are dependent on a NO pathway (12, 28, 29, 40) . In these studies, blockade of NO by administration of the endothelial nitric oxide synthase (eNOS) inhibitor [N G -monomethyl-Larginine (L-NMMA)] in young, healthy humans abolished the conduit dilatory response to a 5-min period of distal occlusion. By contrast, a recent study (44) was unable to reduce radial FMD with a large dose of L-NMMA and concluded that there may be heterogenous vasodilator phenotypes which affect the contribution of NO to FMD.
The aforementioned studies investigating the NO dependence of FMD were either conducted solely in young men (12, 35, 44) or included too few women to investigate sex differences (29, 40) . Prostaglandins (PGs) and endothelium-derived hyperpolarizing factor (EDHF) also contribute to endotheliumdependent relaxation in animal models, and there are sex differences in the magnitude of the dilatory response and pathways activated by increased shear stress (26, 41, 51) . For example, shear stress-induced dilations in rat tail arteries are fully NO dependent in male rats but NO and EDHF dependent in female rats (41) . In NO and PG knockout mice, females but not males maintain mesenteric artery endothelium-dependent dilation, suggesting a greater compensatory role of EDHF in female mice (51) . As brachial artery FMD is greater in young women than men (33, 43) , and young women generally exhibit greater vascular responsiveness to other vasodilator stimuli (10, 31, 42) , it is possible that the dilator mechanisms underlying FMD differ in men vs. women.
Understanding the pathways underlying FMD is the critical first step for developing interventions aimed at correcting deficits in endothelium-dependent dilator function observed with aging and disease. Accordingly, the purpose of the present investigation was to 1) confirm recent findings that FMD is not solely NO dependent and 2) determine sex differences in the contribution of NO and PG to radial artery endothelium-dependent dilation in healthy young men and women by measuring FMD after brachial artery infusion of single and combined doses of NO and PG inhibitors (L-NMMA and ketorolac, respectively).
METHODS

Study Population
Sixteen healthy, nonsmoking young adults (8 men and 8 women, ages 20 -35) , with no diagnosed cardiovascular, pulmonary, metabolic, or chronic diseases were enrolled in the study. Exclusion criteria included stage I or higher blood pressure (Ͼ140/90 mmHg), cardiac abnormalities evidenced during a Balke treadmill test to maximal exertion, use of medications affecting hemodynamic variables (cholesterol-lowering medications, blood pressure lowering medications, antioxidant supplementation, use of hormone therapy or oral contraceptives in the last 12 mo), hypercholesterolemia (LDL cholesterol Ͼ160 mg/dl, total cholesterol Ͼ240 mg/dl, and triglycerides Ͼ150 mg/dl), anemia (hemoglobin Ͻ11 g/dl), and regular exercise Ͼ2 days/wk or maximal oxygen uptake (V O2max) Ͼ80th percentile for age-group norms (2) . Subjects provided written, informed consent to participate as approved by the Institutional Review Board at Hartford Hospital in agreement with the guidelines set forth by the Declaration of Helsinki.
Screening Visit
Data for inclusion/exclusion criteria as described above were assessed on the first screening visit. After a 12-h fast, subjects underwent a venous blood draw to analyze whole blood viscosity, blood lipid levels, and hemoglobin (Clinical Laboratory Partners, Hartford, CT). Vital signs (blood pressure and heart rate), height, weight, and waist circumference were measured, and forearm volume was determined by water displacement.
Subjects also underwent a metabolic treadmill exercise test using the modified Balke protocol (2) to document cardiorespiratory fitness (V O2max). Expired oxygen, carbon dioxide, and ventilatory volume were determined using a Parvomedics TrueOne 2400 metabolic cart (ParvoMedics, Sandy, UT) and a breath-by-breath method. Maximal oxygen uptake was determined by averaging the two highest consecutive 30-s values.
Testing Procedures
Subjects participated in two or three testing sessions: a noninvasive familiarization visit, an invasive catheterization visit, and, in a subset of eight subjects, an additional catheterization visit to test the effect of drug order. For all testing visits, young female subjects were studied in days 1-7 of their menstrual cycle to standardize the influence of female hormones. In addition, subjects were fasted for Ն8 h and were asked to refrain from exercise, migraine medicine, pain medications (aspirin, ibuprofen, and other nonsteroidal anti-inflammatories), or herbal supplements for Ն24 h before testing. All study procedures were performed in a quiet, temperature-controlled room.
Familiarization visit. A noninvasive study visit was performed to determine the reproducibility of the FMD technique and establish comparative values for brachial artery endothelium-dependent and -independent dilation in the study population. Brachial FMD of the nondominant arm of each subject was measured twice (with a rest period of 10 min separating each test) with the subject lying supine with the arm extended 80°from the torso at heart level. Blood pressure in the dominant arm was measured every minute with an automated blood pressure monitor (Vital Signs Monitor; WelchAllyn, Skaneateles, NY). A rapid-inflation/deflation pneumatic cuff (Hokanson, Bellevue, WA) was placed around the forearm immediately distal to the olecranon process (45) . The artery was imaged 1-3 in. proximal to the olecranon process using a 5-to 12-MHz multifrequency linear-array transducer attached to a high-resolution ultrasound machine (Terason t3000; TeraTech, Burlington, MA). Once a satisfactory image using optimal B-mode imaging was obtained, the placement of the probe was fixed on the upper arm to ensure that the site of measurement did not change during the two trials. Doppler velocity was also measured continuously with the Terason using a 60°angle of insonation held constant throughout the study. After the subject rested in the supine position for 10 min, resting brachial artery diameter and velocity were measured for 1 min before inflation of the pneumatic cuff. The cuff was then inflated to suprasystolic pressure (300 mmHg) for 5 min; diameter and velocity recordings resumed 30 s before cuff deflation and continued for 3 min after deflation.
After another 10-min rest period, endothelium-independent dilation of the arm was assessed with administration of 0.4 mg sublingual nitroglycerin (NTG: Nitrostat, Parke-Davis, Morris Plains, NJ). After 1 min of baseline diameter measurements, diameters were measured continuously for 10 min after administration of NTG.
Catheterization visit. A 20 -gauge Teflon catheter (Arrow International, Reading, PA) was inserted into the brachial artery of the left arm at the level of the antecubital fossa using 1-2 ml of 2% lidocaine hydrochloride (Fujisawa, Deerfield, IL) to anesthetize the overlying skin. Saline and study drugs were administered via the brachial artery catheter using a three-port connector in series with a catheter-transducer system. One port was attached to the pressure transducer and GE Dash 4000 Monitor (GE Health Care, United Kingdom) to allow measurement of arterial pressure. The remaining two ports were connected to an Abbott Plum XL3 Triple Channel Infusion Pump (Abbott Labs, Abbott Park, IL) for drug infusions and continuous saline administration for flushing (2 U/ml at 3 ml/h).
After a 30-min rest period, saline was infused (to establish a control condition for any effects on FMD from administration of infusate) at 2 ml/min for 10 min. Radial FMD was then performed using identical procedures as those described above, although the ultrasound probe was placed ϳ10 cm distal to the antecubital fossa and the occlusion cuff placed around the subject's wrist. After a 10-min rest period, L-NMMA (Clinalfa, Laufelfingen, Switzerland) was infused at 5 mg/ml at 2 ml/min for 10 min to block NO production. Radial FMD was then repeated. After another 10-min rest period, ketorolac (Toradol; Abbott Labs) was infused at 600 g/ml at 2 ml/min for 5 min, followed by a maintenance dose of L-NMMA (5 mg/ml at 2 ml/min) for an additional 5 min. Radial FMD was then repeated a third time. Drug doses were designed to equal or exceed those used in previous studies successfully blocking NO and PG in the forearm (11, 29, 40, 49, 50, 58) .
Subset catheterization visit. Four women and four men repeated the above-described protocol on a separate day with the order of L-NMMA and ketorolac administration reversed. Following an identical saline infusion, a radial FMD test, and a 10-min rest period, ketorolac was infused at 600 ug/ml at 2 ml/min for 5 min. Radial FMD was then performed followed by a 10-min rest period. L-NMMA was then infused at 5 mg/ml at 3 ml/min for 10 min (to infuse the same total dose as given in the combined initial and maintenance doses from the first catheterization visit), and radial FMD was performed a third time. In a subset of five subjects (3 men and 2 women), the efficacy of the PG blockade was confirmed by taking an arterial blood sample prior to the saline infusion and again after the final FMD test (after ketorolac/L-NMMA infusion) to measure thromboxane B2, an indicator of platelet cyclooxygenase activity during whole blood clotting. Sample analysis was performed by ELISA by Oxford Biomedical Research (Oxford, MI).
FMD Data Analysis
Ultrasound images were recorded at five frames per second using Camtasia software (TechSmith, Okemos, MI) and saved as AVI files. Diameters and velocities were analyzed using Brachial Analyzer software (Medical Imaging Applications, Coralville, IA).
Diameter analysis. A technician, blinded to any subject information, selected a region of interest along the arterial wall, and the edge of the intima-lumen interface was detected by pixel density and represented by a line of best fit. Multiple perpendicular lines were fit between the near and far walls and averaged to report a composite diameter measurement for each frame. Diameter analyses were triggered by the corresponding Doppler wavefrom to capture only end diastolic diameters. Resting diameters were calculated as the average of images taken over the 1-min baseline. The peak diameter was calculated as the highest 3-s average observed postocclusion. FMD was expressed as the percent dilation (%FMD) relative to the baseline measurement for each trial.
Velocity analysis. A region of interest was selected around the Doppler waveform, and the trace of the velocity-time integral was used to calculate mean velocity for each cardiac cycle. Velocity was matched to the corresponding diameter and shear stress was calculated in dyn/cm 2 using the formula 4 ·V/D, where is blood viscosity in mPA·s at 60 rpm, D is artery diameter (cm), and V is in cm/s. The shear stress postocclusion area under the curve (AUC SS) was then calculated from cuff release up until the time of peak diameter (4, 55), and FMD was normalized to the AUC SS with the latter divided by an arbitrary value of 1,000 to simplify data presentation.
Endothelium-independent dilation. For NTG measurements, diameters were analyzed as described above, with the resting diameter calculated as the average of images taken over the 1-min baseline and the peak diameter calculated as the highest 3-s average observed post-NTG administration. NTG dilation (%NTG) was calculated as the percent change in dilation relative to baseline.
Arterial blood pressure and vascular conductance (catheterization visits). Radial artery blood flow (RBF) was calculated as blood velocity * * (radial diameter/2) 2 * 60, where the RBF is in ml/min, the blood velocity is in cm/s, the radial diameter is in cm, and 60 is used to convert from ml/s to ml/min. Intraarterial blood pressure at the baseline of each trial was used to calculate radial vascular conductance as radial blood flow/arterial pressure *100.
Statistical Analyses
All statistical analyses were performed with SPSS 15.0 (SPSS, Chicago, IL). A one-way ANOVA was used to compare baseline differences between men and women. A repeated-measures ANOVA was used to compare dilatory responses between groups following drug infusions. FMD variables (%FMD, AUC SS, and %FMD/AUC SS) were analyzed with trial (drug infusion) as the within-subject factor, sex as the between-subject factor and a condition-by-trial interaction. Significance was determined at P Ͻ 0.05 and a Tukey post hoc adjustment was applied to significant individual and interaction comparisons.
RESULTS
Subject Characteristics
Subject characteristics are shown in Table 1 . The coefficient of variation calculated for two repeated trials of brachial FMD normalized to AUC SS was 3.5% for men and 3.7% for women.
Baseline Hemodyamic Parameters Across Infusion Trials
Group means for resting radial diameter, RBF, and radial vascular conductance measured immediately following infusions of saline, L-NMMA and ketorolac ϩ L-NMMA (the main catheterization visit) as well as saline, ketorolac, and L-NMMA ϩ ketorolac (reverse drug order visit) are shown in Table 2 . All trial * sex interactions were insignificant (all P Ͼ 0.08) and thus male and female data are combined.
FMD Responses Across Infusion Trials
For repeated measures analyses associated with the main catheterization visit, all trial * sex interactions were insignificant (all P Ͼ 0.30). Consequently data are presented as group means with men and women combined for %FMD, AUC SS, and %FMD/ AUC SS following L-NMMA and ketorolac infusions (Fig. 1) . Individual responses to drug infusions are shown in Fig. 2 .
Calculating the percent change in %FMD after infusions of L-NMMA and ketorolac ϩ L-NMMA again yielded no sex differences (P ϭ 0.63 and 0.55, respectively). On average, L-NMMA infusion reduced %FMD by 23.7 Ϯ 37.0%, with 14 subjects exhibiting reduced dilation (range: 11 to 78% decrease) and 2 subjects exhibiting augmented dilation (range: 1 to 96% increase). On average, ketorolac ϩ L-NMMA infusion increased %FMD relative to L-NMMA alone by 1.0 Ϯ 70.1%, although seven subjects (3 men, 4 women) exhibited reduced dilation (range: 10 to 115% decrease) and the remaining nine subjects (5 men, 4 women) exhibited augmented dilation (range: 1 to 212% increase). 
Effect of Drug Order on Dilator Responses
For repeated-measures analyses associated with the subset catheterization visit, again all trial * sex interactions were insignificant (all P Ͼ 0.21). Consequently, data are presented as group means with men and women combined for % FMD, AUC SS, and % FMD/AUC SS following ketorolac and combined L-NMMA ϩ ketorolac infusions (Fig. 3) . Similar to heterogeneity observed in the main catheterization visit, ketorolac infusion alone increased %FMD relative to saline condition in six subjects (range: 32 to 310% increase) and decreased %FMD/AUC SS in two subjects (range: 53 to 79% decrease). Combined L-NMMA ϩ ketorolac infusion evoked augmented dilation relative to ketorolac alone in four subjects (range: 2 to 96% increase) and reduced dilation in four subjects (range: 2 to 70% decrease). Finally, a comparison of the effects of L-NMMA and ketorolac between the main visit and reverse drug order visit for %FMD and %FMD/AUC SS is shown in Fig. 4 .
Effectiveness of Ketorolac Blockade
Thromboxane B2 immediately before saline infusion was 15.6 Ϯ 26.6 ng/ml and decreased in all five subjects to 0.7 Ϯ 0.9 ng/ml following combined ketorolac/L-NMMA infusion (P ϭ 0.04 using Wilcoxon-Signed Ranks test for paired comparison of nonparametric data).
DISCUSSION
The current investigation represents what is, to the best of our knowledge, the first study to assess the effects of NO and PG inhibition on conduit FMD in equal numbers of men and women. Major findings are that there is no evidence of systematic sex differences in the dilator pathways underlying radial FMD but rather substantial between-subject heterogeneity in these pathways such that blocking NO and PG evokes subject-specific increases or decreases in the conduit vasodilator response to increased shear stress. Moreover, in agreement with recent findings in healthy young men, NO does not appear obligatory for radial FMD in either men or women.
Presence of Different Dilator Phenotypes?
It has long been assumed that conduit FMD is NO dependent, based on several pivotal studies, which largely abolished radial (28, 29, 40, 52) , brachial (12) or femoral (32) FMD with L-NMMA infusion. Recently, Pyke et al. (44) attempted to replicate these studies and were unable to block radial FMD with high-dose L-NMMA infusion in healthy young volunteers. Although studies in animals (15, 17) have established that the contribution of NO to vasodilation differs in the conduit vs. resistance vasculature, all of the human studies have assessed conduit FMD (with the majority focused on radial FMD) and thus regional vascular specificity does not explain the discrepant results. Rather, Pyke et al. (44) postulated that there may be different dilator phenotypes underlying conduit FMD in humans. The current data support this hypothesis. While there was a small but significant (ϳ25%) reduction in %FMD with L-NMMA alone (Fig. 1) , the magnitude of this effect varied considerably among subjects, as NOS inhibition reduced %FMD by a range of 11-78% in 14 out of 16 subjects. In addition, there was substantial heterogeneity displayed by subjects in response to blockades of both NO and PGs when %FMD was considered alone or normalized to the shear stimulus (Figs. 2 and 4) . Furthermore, Mayahi et al. (37) recently found that L-NMMA infusion did not block brachial FMD in patients with BH 4 deficiency caused by a genetic mutation in GTP cyclohydrolase, an enzyme regulating BH 4 ; similar results have been published in patients with hypertension (19). Fischer et al. (16) also found that cytochrome P450 2C metabolites contribute to radial FMD, as blocking this pathway with sulphenazole reduces radial FMD from 11.5 to 7.4% . Notably, they found that blocking NO with L-NMMA alone also reduced FMD by an equivalent amount (from 11.5 to 6% dilation), with combined blockade further lowering FMD to 3.9%, suggesting multiple, redundant pathways underlying FMD.
Compensatory responses to reduced NO bioavailability in both human and animal models also indicate that there are additive and/or alternative pathways contributing to FMD. For example, adults with hypertension and heart failure utilize EDHF to maintain endothelium-dependent dilation when NO is compromised (30, 53) . Similarly, aged male and female rats upregulate PG and EDHF, respectively, to maintain gracilis muscle flow-induced arteriolar dilation following chronic treatment with N -nitro-L-arginine methyl ester (59). In the current Fig. 3 . Group means Ϯ SD for the 8 subjects who participated in the reverse drug order catheterization study [saline, followed by ketorolac (KETO) followed by L-NMMA ϩ KETO] are shown for %FMD (top), AUC SS (middle), and % FMD/AUC SS (bottom) with P values for trial effects and any significant differences between conditions on each graph. study, we speculate that the relatively robust %FMD observed following NOS inhibition signals an intact compensatory dilator system in healthy young humans that is advantageous for endothelial health; however, studies in adults with endothelial dysfunction are necessary to confirm this hypothesis. Taken collectively, these results suggest that there is substantial heterogeneity in the pathways underlying FMD. These pathways may be influenced by factors such as age, cardiovascular health, and genetic predisposition, although the current data do not indicate a systematic influence of sex in healthy adults. Previous findings regarding the NO dependence of FMD thus may have been specific to the subject population studied, and therefore the assumption that conduit FMD is largely NO dependent may not be as widely applicable as previously assumed.
Effectiveness of NO and PG Blockade?
An alternative explanation for the current observations is that NO and PGs were not fully blocked by the infusion of L-NMMA and ketorolac, respectively. Direct measurements of thromboxane B2, as well as infusion of equivalent or greater doses of ketorolac as used in previous studies to block PGs (11, 49, 50) , support the efficacy of the PG block. We did not directly infuse acetylcholine in the current study to test the efficacy of the NO block. However, the dose of L-NMMA used in the current study (83-143 mg/l forearm volume) equals or exceeds the dose used in most previous studies exploring the contribution of NO to either FMD or forearm blood flow (11, 29, 40, 49, 50) . Moreover, we used an infusion dose (10 mg/min) similar to that utilized by Wray et al. (58) (8.6 Ϯ 0.9 mg/min), who assessed efficacy of the NO block with a dose-response curve showing a clear plateau in resting brachial vasoconstriction in response to increasing doses of L-NMMA. Finally, the reduction in radial vascular conductance (ϳ30%) that we observed with L-NMMA infusion is comparable to that observed in related studies using L-NMMA (13, 27, 29, 44, 52, 58) . Collectively, these studies support that eNOS was effectively blocked by L-NMMA in the current investigation.
Methodological Differences Between Studies?
One additional confounding factor that deserves mention is the evolving methodology used to assess FMD in humans (24, 55) . Considerations such as the relationship between the shear stimulus and the conduit dilation, the time course of dilation, principles of ultrasonography, the time at which peak conduit dilation is observed, the intrasubject variability of FMD, and the standardization of testing conditions have been advanced since the original guidelines for measuring FMD were established (9) . Accordingly, the techniques used to measure FMD are discrepant between studies, making direct comparisons between investigations difficult. Thus the emerging data regarding heterogenous dilator pathways underlying FMD may also reflect in part the effect of improving accuracy in evaluating shear-mediated dilatory responses. Additionally, previ- ous studies investigating NO dependency of FMD have utilized sample sizes of 8 -10 subjects, whereas the current sample size comprised 16 subjects. Therefore, it is possible that studying larger numbers of subjects may amplify the number of unique vasodilator phenotypes in the study population and consequently increase the observed heterogeneity of pathways underlying FMD.
Interaction Between NO and PGs in FMD Response?
An additional finding of the study is that reversing drug order in a subset of subjects did not elicit fully identical effects on the dilatory response to single and combined NO and PG blockade (Fig. 4) . For example, for the eight subjects who completed both catheterization visits, we compared 1) the directional (i.e., increase or decrease) effect of L-NMMA (alone or in combination with ketorolac) and 2) the directional effect of ketorolac (alone or in combination with L-NMMA) on FMD between trials. This yielded 16 possible comparisons (2 for each subject). In 12 of these comparisons (5/8 for L-NMMA and 7/8 for ketorolac), there was agreement (e.g., if a subject exhibited reduced FMD with L-NMMA the first trial, the same effect was repeated in the second trial when L-NMMA was infused following ketorolac infusion). However, in four of these comparisons (25% of cases; 2 in men and 2 in women), there was discrepancy between the trials such that, for example, a subject who exhibited reduced FMD with L-NMMA alone responded to L-NMMA infusion superimposed on previous ketorolac infusion with an augmentation in FMD.
This finding may be a consequence of day-to-day variability in FMD, and future studies are necessary to establish the reproducibility of within-subject variability in the response to NO and PG inhibitors alone and in combination. Alternatively, this observation could also indicate an effect of crosstalk between vasoactive substances released by the endothelium. For example, PGs may inhibit NO (56, 57) and endothelin (34) whereas NO stimulates PG production (8, 47) and inhibits endothelin secretion (6) . In humans, Taddei et al. (54) found that the inhibitory influence of L-NMMA as well as the potentiating effects of L-arginine on the forearm dilatory response to acetylcholine was abolished in hypertensive adults and could only be restored through inhibition of cylcooxygenase. Thus blocking a specific vasoactive pathway and/or eliciting compensation by an alternative pathway may change the interaction between endothelial-derived substances and result in disparate effects on FMD when drugs are infused alone or in combination.
Importance of Understanding the Pathways Underlying FMD
The assumption that FMD is solely an assessment of NO function is so prevalent that most studies reporting reduced FMD end with the conclusion that findings represent dysfunction in some portion of the NO signaling cascade (25, 38) . For example, a recent review (1) on the topic states that "when performed by experienced personnel in a standardized setting . . . brachial artery FMD is a useful measure of NO-dependent endothelial function." The interpretation of FMD as NO dependent in men and women of varying ages and health conditions has accordingly shaped NO-dependent interventional strategies such as administering L-arginine (the sub- Interestingly, recent evidence suggests that the distal vs. proximal cuff occlusion methodology used to assess FMD is equally predictive of future cardiovascular effects (22) , despite evidence suggesting that the latter method evokes non-NOmediated dilation (12) . Therefore, our findings likely do not alter the utility of FMD for assessment of cardiovascular disease risk and progression. However, if evaluating NO bioavailability is the goal of an investigation, then our results do suggest that an alternative method, such as the dilatory response to handgrip exercise (58), or measurement of NO metabolites (5), may be more valid. By contrast, in the current study, %FMD/AUC SS was not significantly reduced by L-NMMA infusion, and therefore normalization of FMD to the shear stimulus may provide an index of vascular function that is less reliant on NO.
Methodological Limitations
It should be noted that we measured blood viscosity (used in our calculations of shear stress) on the first study visit and not repeatedly during the infusion visit. While it is possible that blood viscosity may have changed throughout the repeated infusion trials, this is unlikely due to the published intraindividual stability of blood viscosity (36) as well as the small total volume of infusate.
In addition, ketorolac is a nonspecific inhibitor of cyclooxygenase (COX) I and II and therefore cannot be used to distinguish between contributions of vasoconstrictors such as PG endoperoxides (20) and thromboxane A2 (23) and vasodilators such as PG prostacyclin (39) to FMD. The nonspecific nature of ketorolac on the arachidonic acid pathway may thus explain our observations that approximately equal numbers of subjects responded to ketorolac infusion with augmented vs. reduced FMD, as it is likely that there is substantial interindividual variability in the production of vasoconstrictor and vasodilator prostanoids through this pathway. However, this does not alter our conclusion that pathways underlying FMD in healthy young humans are heterogenous.
Conclusions
The current investigation evaluated the effect of blocking NO and PGs on radial FMD in humans. While systematic sex differences in the contributions of these dilators to FMD were not observed, heterogenous responses to infusions of L-NMMA and ketorolac indicate that there is substantial variability in the pathways underlying FMD. Moreover, results confirm recent evidence that conduit FMD is not fully or uniformly NO dependent.
